ZOOLOGICAL SCIENCE 10: 671-677 (1993) 


© 1993 Zoological Society of Japan 


Immunohistochemical Localizations of TGF-/9 in the 
Developing Rat Gonads 

Satoshi Koike * 1 and Tetsuo Noumura 

Department of Regulation Biology , Faculty of Science , 
Saitama University, Ur aw a, Saitama 338, Japan 


ABSTRACT — Beta types of transforming growth factor (TGF-/?s) are known to have a variety of types 
of endocrine, paracrine and autocrine roles in the adult and embryonic tissues. In order to clarify the 
participation ofTGF-^in rat gonadal differentiation, immunohistochemical expression of TGF-/?was 
chronologically studied in perinatal rat gonads. Sprague-Dawley rat gonads from gestational day (GD) 
13 to postnatal day (PD) 21 were fixed in Methacarn solution and stained with a polyclonal antibody 
against native porcine platelet TGF-/? in the rabbit by using avidin-biotin complex technique. 

Immunohistochemical reactivity to TGF-/?was positive in the germ cells of both sexes from GD 13 to 
PD 21. Moderate and marked staining was seen in male germ cells from GD 16 to PD 21 and in female 
germ cells from GD 21 to PD 11. Leydig/ interstitial cells in male gonads were stained from GD 15, and 
moderate and marked staining from GD 16 to PD 1 1 . On the other hand, the Sertoli or peritubular cells 
was not stained during the perinatal period. In contrast to the male gonads, the granulosa and 
interstitial cells in female gonads were stained on PDs 11 and 21. The Wolffian ducts in males and the 
Mullerian ducts in females expressed positive but weak reactivity during the perinatal period. The 
mesonephric tubules were faintly stained from GD 13 to 18. 

These results indicate that TGF-/9 shows discrete cell-specific patterns of expression at various stages 
of the rat gonadal development and may participate in the rat gonadal development and differentiation. 


INTRODUCTION 

Beta type of transforming growth factor (TGF- 
f>) was identified and isolated on the basis of its 
ability to induce anchorage-independent growth of 
non-transformed cells [7]. TGF-/?s, homodimeric 
25-kDa peptides, are known to have profound 
effects on nearly all types of cells, influencing their 
proliferation and differentiation [for reviews, 28, 
29,32]. After the cloning of cDNA of TGF-/?1 [8], 
five members of TGF-/?have been isolated. These 
are characterized by 70% amino acid identity 
within the bioactive C-terminal portion. Purified 
and recombinant proteins of TGF-/?1, /?2 and /?3 
have been obtained from various mammalian 
sources. 

In recent years, members of TGF-/? play impor- 
tant roles in many different embryonic processes 
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[3, 26]. TGF-/9s are mitogenic for mesenchymal 
and supporting cells such as bone and cartilage but 
are inhibitory for mitosis in many other cell types. 
In addition, the TGF-/?s regulate differentiation, 
stimulate extracellular matrix deposition and in- 
duce mesoderm formation during early embryo- 
genesis. The in vivo localizations of mRNAs for 
TGF-/91 , -/?2 and -/?3 during mouse embryogenesis 
have been described in many reports [17, 20, 22, 
24, 25, 30, 33]. Pattern of TGF-/? mRNA expres- 
sion changed as development progressed and the 
expression was found in tissues undergoing mor- 
phogenetic alterations. On the other hand, ex- 
pression of TGF-/? proteins to which the mRNAs 
are translated has also been reported in mouse by 
using the immunohistochemical technique [13, 27]. 
TGF-/9 proteins were detected in many tissues, e.g. 
bone, kidney, liver and nervous tissue, and were 
frequently colocalized with the same cell types as 
the mRNA-expressed cells. In spite of evidences 
that many tissues showed expressions of TGF-/? 
mRNA and its proteins, little is known about the 
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TGF-/? protein expression during the gonadal de- 
velopment in rat. 

In order to determine the participation of TGF- 
/? proteins in rat gonadal differentiation, immuno- 
histochemical expression of TGF-/9 was chronolo- 
gically clarified in the fetal and prepubertal rat 
gonads from gestational day (GD) 13 to postnatal 
day (PD) 21. 

MATERIALS AND METHODS 

Experimental animals 

Crj:CD (Sprague-Dawley) rats in 13 to 20 
weeks of age were housed in constant temperature 
(22±2°C), relative humidity (55 ±10%) and light- 
dark cycle (lights on 7:00-19:00). The animals 
fed purina chow and took the tap water ad libitum. 
Cohabitation was done in the evening in the 1 : 1 
basis of male: female. In the next morning, 
copulation was checked by the presence of sperm 
in the vaginal smear. The day when sperm-positive 
smear was found was designated as GD 0, and the 
day when litter was found was designated as PD 0. 

Preparation of tissues for immuno staining 

Dams were sacrificed from GD 13 to 21 and 
neonates on PDs 5, 11 and 21 by carbon dioxide. 
The gonads and genital ducts dissected from at 
least three fetuses and pups were fixed in Metha- 
carn solution consisting of methanol, chloroform 
and acetic acid, 6 : 3 : 1 in volume for a few hours to 
overnight at 4°C. The sexes of fetuses were deter- 
mined as described by Agelopoulou et al. [2]. 
Then, the tissues were dehydrated through a series 
of graded concentrations of ethanol and xylene, 
embedded in paraffin and sectioned in 5 pm thick- 
ness. 

I mm unoh is to ch em is try 

Sections were deparaffinized with xylene and 
hydrated in decreasing concentrations of ethanol, 
incubated in 6 M urea (ICN Biomedicals Inc.) at 
room temperature for 30 min and to block endoge- 
nous peroxidases with 0.5% periodic acid (Sigma 
Chemical Co.) for 15 min. Sections were subse- 
quently rinsed with 10 mM phosphate buffered 
saline (PBS, pH 7.4, Sigma Co.) for 20 min, block- 


ed non-specific staining with 1.5% normal goat 
serum in 10 mM PBS including 0.5% casein (Wako 
Pure Chemical Industries Ltd.) for 20 min and 
then incubated with avidin and biotin blocking 
solution (Vector Laboratory Inc.) for 15 min each 
at room temperature. After that, sections incu- 
bated overnight at 4°C with the polyclonal anti- 
body against native porcine platelet TGF-/9 raised 
in the rabbit (R&D systems) at 5 pg!m\ in 10 mM 
PBS including 0.5% casein. Dose-response study 
indicated that this concentration of the antibody 
gave optimal labelling results. Following this in- 
cubation the sections were rinsed with PBS and 
then treated with 0.5% biotinylated goat anti- 
rabbit secondary antibody (Vector Lab. Inc. ABC- 
peroxidase staining kit Elite) diluted in 10 mM 
PBS containing 0.5% casein for 30 min at room 
temperature. Sections were again washed in PBS 
and subsequently incubated with 2% avidin-biotin 
complex (Vector Lab. Inc. ABC kit Elite) in 10 
mM PBS for 60 min at room temperature. Avidin 
and biotin were prepared at least 30 min before 
applied to the sections to allow the complex to 
form. The sections were again washed in PBS, and 
the bound antibody was visualized with 0.05% 
3,3'-diaminobenzidine tetrachloride (Sigma Che- 
mical Co.) in 10 mM Tris-buffered saline (pH 7.2, 
Sigma Chemical Co.) and 0.01% H 2 0 2 for 5 min. 

Controls included (a) replacing the primary anti- 
body with normal rabbit serum, (b) using the 
primary antibody that had been pre-incubated 
overnight at 4°C with 10 pg!m\ porcine TGF-/21 
(R&D systems) before this mixture was applied to 
the section in order to check the specificity of the 
primary antibody, and (c) omitting the primary 
antibody to check the specificity of the secondary 
antibody. 

RESULTS 

Specificity of antibody 

Preparations which were stained with the anti- 
body to TGF-/?, and immunoneutralized antibody 
by pre-incubated with the antigen or with normal 
rabbit serum were shown in Fig. 1. TGF-/7 anti- 
body stained the kidney cells of fetal rats on 
gestational day 18, but the neutralized antibody or 
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Fig. 1. Demonstration of the staining specificity. The kidneys on GD 18 incubated with the TGF-/? antibody (A), 
with the neutralized antibody (B) or with normal rabbit serum (C). Staining is seen in the Bowman's capsules 
(arrow) and the collecting tubules (arrow head) of A, but not those of B or C. Bars: 50 jum. 


Table 1. Immunohistochemical Localizations of TGF-/? in the Developing Rat Gonads 
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The degree of reactivity of the cells or tissues against TGF-p antibody was shown. Grade, No detectable, +: 
Slight but above background levels, ++: Moderate, +++: Marked staining. GD: Gestational day, PD: Postnatal day, 
G: Germ cell, S: Sertoli/Supporting cell, P: Peritubular cell, L: Leydig cell, W: Wolffian duct, M: Mullerian duct, 
MT: Mesonephric tubules, Gr: Granulosa/Supporting cell, T: Theca cell, I: Interstitial/stromal cell. 

Shade box was shown that the cells or tissues were not found in that day. 


normal rabbit serum did not stain any cells. There- 
fore, these results showed that this polyclonal 
antibody specifically stained TGF-/?-containing 
cells because the fetal rat kidney was confirmed to 
contain TGF-/?-positive cells in the preceding re- 
ports [3, 27, 30]. 


Immunohistochemical localization 

Immunohistochemical expression of TGF-/? in 
the developing rat gonads was summarized in 
Table 1. 

The primordial germ cells and germ cells showed 
positive reactivity to the antibody from GD 13 to 
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PD 21 in both sexes. The patterns of develop- 
ment-associated reactivity were different between 
both sexes; the staining intensity in most of male 
germ cells was moderate and marked from GD 16 
to PD 21 (Fig. 2 A and B), but that in most of 
female germ cells was marked from GD 21 to PD 
11 (Fig. 2 E). The number of male germ cells with 
positive reactivity was decreased after PD 11. 


Leydig cells positively stained from GD 15, the 
time when differentiating Leydig cells were firstly 
recognized by histochemical examination. The 
staining intensity and the number of the Leydig 
cells with positive staining increased with the 
gonadal development during the perinatal period: 
marked staining was seen in almost cells from GD 
18 to PD 1 1 (Fig. 2 C). On the other hand, female 
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Fig. 2. Immunohistochemical localizations of TGF-/?in the developing rat gonads. A, B and C show male gonads on 
GDs 16 and 21, and PD 11, respectively D, E and F show female gonads on GDs 18 and 21, and PD 11. 
respectively Moderate and marked staining is obtained in the male germ cells (arrow head) and the Leydig/ 
interstitial cells (arrow) during the perinatal periods. Slight to marked staining is obtained in the female germ 
cells (arrow head) during the perinatal period and moderate staining in the granulosa and interstitial cells (arrow) 
on PD 11. M: Mullerian duct, MT: Mesonephric tubules, W: Wolffian duct. Bars: 50 fim. 
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interstitial cells, which were same origin as Leydig 
cells, did not express positive reactivity during the 
prenatal period (Fig. 2 D). Positive signs were 
obtained in most of the interstitial cells on PDs 11 
and 21 (Fig. 2 F). 

The reactivity of Sertoli and peritubular cells 
was negative during the perinatal period (Fig. 2 A, 
B and C). And also the granulosa cells were 
negative during the fetal period, but became pos- 
itive on PDs 11 and 21 (Fig. 2 F). Moderate 
staining was found in most of the granulosa cells on 
PD 11 but slight staining in some cells on PD 21. 
The thecal cells which should be recognized after 
birth were negative during this experimental 
period. 

The expression in Wolffian ducts was slightly 
positive in males for several days during the peri- 
natal period, but negative in females. In contrast, 
the Mullerian ducts showed negative expression in 
males, but slightly positive in females on GD 17 to 
20, and on PDs 5 and 1 1 . The mesonephric tubules 
showed faintly positive expression from GD 13 to 
18 in both sexes. 

DISCUSSION 

The positive staining to anti-TGF-/? serum was 
observed in some types of cells in the gonads 
during rat prenatal development. Primordial germ 
cells (PGCs) had already expressed positive stain- 
ing on GD 13 in both sexes. PGCs migrate from 
the extraembryonic mesoderm to the germinal 
ridge and are proliferating during this migrating 
period, up to GD 13 [19, 21). Therefore, positive 
staining in PGCs on GD 13 indicates that TGF-/? 
may be related to the proliferation of PGCs. Male 
germ cells can not differentiate to spermatogonia 
until the neonatal life [11, 31]. The results of 
intensive staining in male germ cells from GD 16 to 
PD 5 indicate that TGF-/? may play roles as a 
paracrine mediator for functions of the neighbor- 
ing cells, such as the induction of intermediate 
filament synthesis [9] for seminiferous tubule 
formation and the Mullerian-inhibiting sub- 
stance^) production in the Sertoli cells [14, 15]. 
On the other hand, female germ cells expressed 
the slight /faint reactivity during most of gestation 
period, but marked reactivity was obtained from 


GD 21 and PD 5. Female PGCs differentiate t.o 
the primary oocytes during the fetal period and the 
primary follicles are formulated after birth [6, 12]. 
Therefore, TGF-/? may participate in the primary 
follicle formation in female gonads as well as 
seminiferous tubule formation in male gonads. 

Leydig cells expressed positive reactivity from 
GD 15 to PD 21. The intensity of staining and 
number of the cells stained was gradually increased 
with gonadal development. Leydig cells were 
morphologically recognized on GD 15 [19 and the 
present study], and thereafter show the ability of 
androgen synthesis in vitro [10, 23, 34]. Therefore, 
the positive stainings in these stages indicate that 
TGF-/? may participate in the Leydig cell dif- 
ferentiation, proliferation and steroidogenesis in 
the fetal gonads. However, TGF-/? inhibits ster- 
oidogenesis in adult Leydig cells in vitro [4, 18). 
There may be differences in the regulation of 
TGF-/? to steroidogenesis between the adult and 
fetal Leydig cells. The interstitial cells in female 
gonads were stained on PDs 5 and 11. These cells 
have not yet been known to participate in phy- 
siological function of the ovary. Therefore, this 
expression may indicate that TGF-/? in female 
interstitial cells would act as a paracrine and/or 
autocrine mediator of neonatal ovarian function. 

The reactivity of Sertoli and the peritubular cells 
was not detected during the perinatal period. This 
is not consistent with the results that TGF-/? is 
released from the immature Sertoli cells in vitro 
culture [5]. This inconsistency is due to the differ- 
ence between in vivo and in vitro. Therefore, 
TGF-/? may not contribute to the differentiation 
and development of the Sertoli or peritubular cells 
in vivo. On the other hand, the granulosa cells, of 
which origin is the same as Sertoli cells, positively 
stained on PDs 11 and 21. TGF-/? stimulates the 
follicle-stimulating hormone (FSH)-induced aro- 
matase activity in granulosa cells [1] and increases 
in the response to FSH in the granulosa cells [35]. 
The expression in granulosa cells indicates that 
TGF-/? may participate in the granulosa cell ster- 
oidogenesis in immature female rats as well as that 
in mature rats. 

In our separate study [16], we found that in- 
hibin, a member of TGF-/? superfamily, may par- 
ticipate in the seminiferous tubule formation, the 
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Leydig cell steroidogenesis and the physiological 
regulations of the Sertoli and granulosa cells. This 
experiment shows that TGF-/? may regulate the 
germ cell proliferation, the Leydig cell differentia- 
tion and proliferation, and the granulosa cell ster- 
oidogenesis. Together with these results, growth 
factors may have wide range of roles on the 
gonadal development in rats. The mechanisms for 
endocrine, paracrine and/or autocrine functions of 
TGF-/9as well as inhibins on gonadal development 
remain to be studied. 
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